parent's Army personnel data, we evaluate the effect of a soldier's deployment on the academic achievement of his or her children. We find that deployments have modest adverse effects across most academic subjects, with lengthy deployments and deployments during the month of testing leading to the largest detrimental effects. Further evidence suggests that the adverse effects in academic achievement may persist for several years.
I. Introduction
Prompted by the demands of the Global War on Terror (GWOT), in combination with ongoing security commitments around the globe, the U.S. military has deployed large numbers of troops overseas in the past five years. In 2004 alone, the Department of Defense (DoD) reports that 1,157,647 members of all services and components deployed away from their home base, about 45 percent of total end-strength.
1 To Afghanistan and Iraq, the United States is 4
In this paper, we consider how deployments affect the academic performance of children from military families. We aim to test the perception that a parent's deployment creates stress on children (as captured by academic outcomes) and offer a set of estimates to guide the design of future policy interventions. We use the standardized test scores and personal characteristics of a sample of some 56,000 observations for school-age children who were enrolled in Department of
Defense schools between 2002 and 2005. To each child's academic records, we add administrative data on the military parent's service record, including deployment information during that period. We focus our analysis exclusively on children of enlisted personnel from Army households.
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This study builds on work by Pisano (1992) , Angrist and Johnson (2000) , and Lyle (2006), all of which look at how deployments affect military households. We are able to improve on these studies in several important ways. First, our sample represents a larger and broader geographical distribution of children than in previous studies. Pisano (1992) had only 158 observations when he showed that sixth-grade girls exhibited slightly lower academic performance when a parent was deployed. Angrist and Johnson (2000) used self-reported survey data from the 1992 Survey of Officers and Enlisted Personnel and looked primarily at how deployments affect marital dissolution and spousal labor market participation. They did examine one outcome at the child level, disability rates, but found no effect. Second, we assess academic achievement in five distinct subject areas-math, science, language arts, social studies, and reading-as well as a total composite score. Pisano (1992) , by comparison, looked only at reading scores. Lyle (2006) , with a larger sample of nearly 13,000 observations on military children living in Texas, looked only at math scores. Third, we assess multiple dimensions of a 5 deployment: any deployment in the past year (the contemporaneous school year, as defined below), months deployed during the past year, duration of the deployment during the past five years, and the timing of the deployment relative to the exam date. Finally, this is the only study, to our knowledge, that looks at how deployments in the post-September 11 world affect military children.
In regressions from ordinary least squares (OLS) specifications, we find that an enlisted parent's deployment in the past year reduces his or her child's total test score by 0.42 percentage points (using a norm-referenced grading scale of 1 to 99 percent). We estimate the marginal effect of an additional month of deployment to be 0.11 percentage points. From more disaggregated results, we find that the effects are most significant for math and science; they are less pronounced, though often statistically significant, for language arts, social studies, and reading. We find the largest adverse effects for young children, boys, minorities, children whose parents are married, children whose parents have lower AFQT scores, and children whose parents have lower levels of education.
Our identification strategy must address several challenges that could complicate the interpretation of our estimates. One concern is the possibility that a parent's deployment status may not be orthogonal to other potential determinants of his or her child's academic performance. For example, many of the parents who volunteer to deploy may be the same ones with the lowest academic expectations for their children when they are away. Conversely, parents who resist a deployment may be the same ones who take the most care to prepare their children for the separation. A second concern is that the Army may select certain soldiers to deploy based on characteristics that are also correlated with the academic achievement of their children. A third concern stems from potential endogeneity in the length of a deployment: it is 6 possible that a soldier is sent home from a deployment prematurely as a result of problems in the home that are also correlated with a child's academic achievement. In each case, we must contend with a correlation between a parent's deployment history and some unobserved determinant of the child's subsequent academic achievement.
In general, the Army's mechanisms for assigning deployments, in conjunction with its culture of "serving at the needs of the Army," weigh against these concerns. Nonetheless, we also present econometric evidence to validate our interpretation of these estimates. We control for many observable variables that are potential determinants of a child's academic achievement and that are also potentially correlated with deployment assignments. We also test the exogeneity of individual-level deployments using a set of instrumental variables based on unitlevel deployments. The resulting two-stage least squares (2SLS) estimates reinforce our claim that military deployments are uncorrelated with other potentially confounding determinants of children's academic achievement.
We also show that the timing of the deployment matters. The standardized test for which we have outcomes is administered during the month of March. A parent's deployment during March lowers a child's total test score by 0.75 percentage points, relative to those children in our sample who do not have a parent deployed during that month. By contrast, if a parent's deployment ends in the late summer or early fall of the academic school year-that is, at least four months before the test is administered-then the child displays no statistically significant reduction in his or her test score. For children whose parents have deployed for more than twelve months over the past five years, we find a small reduction in their total test score (approximately 1 percentage point) relative to those children whose parents did not deploy at all 7 in the past five years. Further evidence suggests that the adverse effects persist for at least four years from the time of the deployment.
Together, the findings suggest that children suffer a small but persistent academic penalty when their parents deploy. We believe that, in light of these results, schools would be justified in offering additional academic and emotional support to children during a parent's deployment, and perhaps for some time after the parent returns. These estimates also provide useful insights into how to design those support programs most effectively, from focusing on the most vulnerable subpopulations, to pinpointing the subject areas that pose the greatest difficulty during a parent's absence, to noting the timing of a military parent's deployment and making possible adjustments in the test scores of his or her child. Above all, we believe that these results can inform the national debate about the full costs of deployments, their impact on the welfare of military households, and the vitality of the All-Volunteer Force.
The next section contains background information on the DoD school system and its methods of assessing student performance, including its use of standardized tests. It also describes the administrative personnel data available from the U.S. Army and the summary statistics of the matched child-parent data. Section III lays out our empirical strategy and baseline specifications. Section IV contains the main results. Section V offers policy implications and concludes.
II. Background and Data
A. Department of Defense Educational Activity (DoDEA) All children within the DoDEA system must take the Terra Nova test, and their results are reported directly to DoDEA.
12 It is worth noting that our main regressions include only mainstream children, though we explore similar issues for the non-mainstream population in a 9 set of supplementary regressions. 13 For each child, we observe a total score and five sub-scores in math, science, language arts, social studies, and reading. To assist with the interpretation of student scores, the publisher of the Terra Nova has created several norm-referenced measures of performance such as the national percentile score, objective performance score, normal curve equivalent score, and national stanine score. For our analysis, we use the normal curve equivalent (NCE) because it is the only metric that is an equal interval score making it appropriate for use in regression analysis.
14 The NCE score can range from 1 to 99, making for a Altonji, Joseph, Todd Elder, and Christopher Taber 
B. Deployment Assignments
The unit to which a soldier is assigned and that unit's subsequent missions largely determine the frequency and duration of a soldier's deployment. To establish that a soldier's probability of deployment is largely exogenous to the academic achievement of his or her children, we briefly describe the mechanisms by which personnel are assigned to particular units and how deployment decisions affecting that unit are made.
Upon completion of a soldier's basic training, the Army's Human Resources Command assigns him or her to an initial unit; every three to four years, it reassigns the soldier to a different unit. The Army makes those assignments based on the "needs of the Army," which are driven primarily by world events and national-level defense policy. 15 Like the assignment mechanism, deployment orders also follow from the "needs of the Army" and they rotate between units accordingly. In the years encompassed in this study, the Global War on Terror has mainly defined "the needs of the Army." Although we believe that such macro-level concerns are not likely to be correlated with the academic achievement of individual military children, we 13 Non-mainstream children include children with learning disabilities, physical disabilities, special testing or learning accommodations, and English as a second language. We present some findings for non-mainstream children in Appendix Tables 4 through 6 test this assumption using a set of instrumental variables, as well as a set of control variables.
We provide a fuller discussion of our identification strategy in Section III.
C. Combining Military Data with DoDEA Data
Soldiers deployed to designated regions around the world receive a form of supplemental compensation called hostile fire pay (HFP). We use HFP data for Army personnel to determine the number of months that a soldier is deployed and the dates of any deployment. 16 Hostile fire pay is the most reliable source for deployment data because the soldier will ensure that he or she gets paid and the Army will ensure that the pay is correct. We start by defining the current school year as August 1 of the calendar year preceding the test through March 31 of the year in which the test is taken. We then construct several deployment variables from HFP pay data:
ever deployed equals one if the military parent received any HFP during the current school year and zero otherwise; months deployed equals the number of months that the military parent received HFP during the current school year (its value ranges from zero to eight); and several variables are constructed to capture the precise months during which a military parent was receiving HFP. From additional administrative data, we also observe the child's gender and race, as well as the military parent's gender, marital status, education level, occupational specialty, and AFQT score.
We merge the DoDEA and administrative data using the child's social security number, yielding a final matched data set at the level of the individual child. 17 Table 1 displays descriptive statistics for the children and parents in our sample. Panel A offers the means and standard deviations for the full sample of 56,116 observations. Overall, the students in our 16 We calculate the number of months that a soldier is deployed by dividing the sum of all HFP received over a designated period of time by the monthly HFP allotment. 17 Data are matched by child and year of exam. Appendix Table 1 shows that the children in our DoDEA sample are highly representative of the overall population of children whose parents are in the Army.
sample earned an average total NCE score of 57.07 (on a scale of 1 to 99), with a standard deviation of 14.14. Our sample is equally divided between boys and girls; about one-third of the children are black; more than 90 percent have married parents; more than one-quarter have parents with at least some post-secondary education; about one-third have a parent with an AFQT score placing them in the top half of the ability distribution; and about 60 percent serve in combat support occupations. One notable feature of the data is the relatively comparable means for the remaining descriptive variables across the various measures of a parent's deployment status, suggesting the widespread and indiscriminate nature of current Army deployments. However, to explore the small correlations between the deployment variables and some of the control variables, we provide regression estimates in Appendix Table 2 . After controlling for child race, child gender, 12 and child grade, the remaining covariates explain only 1 to 2 percent of the total variation in deployment status for all deployment variables.
III. Empirical Framework
To investigate more formally how military deployments affect the academic achievement of military children, we employ a basic linear model using pooled data from 2002 through 2005:
Here the left-side variable, A it , is one of the following outcomes: the NCE score in math, science, language arts, social studies, reading, or the total composite score across all five subjects. The α captures other covariates including the child's gender and race, as well as the marital status, gender, civilian education level, AFQT score, and occupational specialty of the child's military parent. We cluster all standard errors for OLS estimates at the level of the individual child, using
Huber-White robust standard errors.
Based on the process of military assignments, the primary threat to the validity of our identification assumption is the possibility that a soldier's deployment may correlate with his or her child's academic achievement. As a first step toward addressing this concern, we control for all observable characteristics that the Army could use to assign soldiers to deployments. For example, the Army could weigh the AFQT score of a soldier when making its deployment decisions, and the AFQT score of the military parent could be correlated with the child's academic performance during that parent's deployment. Fortunately, our data contain nearly all of the individual-level characteristics available to the Army for making deployment assignments 13 (including AFQT scores). We therefore include them in our regressions to strengthen the case for a causal interpretation.
We also construct instrumental variables to test our claim that parental assignments are exogenous. By way of background, Figure 1 presents an organizational chart for a typical Army division. For two of our deployment metrics, we construct instruments using unit-level deployment data. The instrument for ever deployed follows Lyle (2006): we assign a one to each child who had a parent assigned to a battalion that had more than one-third of its soldiers deploy during the current school year. 19 The instrument for months deployed is the average number of months deployed for all soldiers assigned to a unit. 20 We anticipate a positive correlation between unit-level months deployed and individual-level months deployed because soldiers assigned to units with longer deployment durations are more likely to deploy for longer periods than soldiers assigned to units with shorter deployment durations. The exclusion restriction for this instrument seems reasonable because a unit's deployment duration is not likely to be correlated with the academic achievement of an individual soldier's child. Table 2 after controlling for child characteristics, the remaining parental characteristics explain less than 1 percent of the total variation in unit-level deployments, further supporting the validity of our exclusion restriction. Accordingly, it seems reasonable that superior commanders assign unitlevel deployments based on "the needs of the Army," which are not likely related to individuallevel determinants of a child's academic achievement. Table 2 contains OLS and 2SLS estimates of the impact of a parent's deployment during the current school year on a child's total NCE score. Following Equation (1) Before discussing the main results for deployment effects, it is instructive to highlight the coefficients on the child and parental control variables in the third columns of both panels.
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IV. Empirical Results
These estimates suggest that boys score two points lower than girls; white children score significantly higher than black children and about one point higher than children of other races; children with married parents score higher than children with single parents; children with a male parent in the Army score higher than children with a female parent in the Army; children with parents who have more education score higher than children with parents who hold a high school degree or lower; children with high-ability parents (in Category 1 or 2 of the AFQT distribution) score almost three points higher than children with middle-ability parents (in Category 3A of the AFQT distribution); and children with low-ability parents (in Category 3B, 4, or 5) score more than two points lower than children with middle-ability parents. On balance, these estimates seem reasonable and conform with previous estimates found in Lyle (2006) .
Next, we turn to the estimated coefficients in Panel A, showing the results for the ever deployed variable. Estimates of δ from the parsimonious specification in column (1) change significantly when we include exogenous child controls in column (2). There is only a slight change in the estimated deployment effect, however, when we add the parental characteristics in column (3). This result suggests that once exogenous child characteristics are included, the estimates are quite stable. In other words, parental characteristics, which the Army could theoretically use to assign deployments, have little effect on the estimated treatment effect. The relative stability of δ also suggests that the effect of other less relevant unobserved variables should be quite minor. 21 Finally, from the estimates in column (3), a child whose parent deploys during the current school year scores 0.42 percentage points, or 3 percent of a standard deviation, lower on his or her total Terra Nova score than a child whose parent does not deploy.
To test whether we can apply a causal interpretation to these results, we estimate a 2SLS specification using the unit-level instrumental variable described earlier.
As column (4) shows, the sign on the first stage of this specification is positive and significant: a child whose parent was assigned to a unit in which more than one-third deployed was 69.8 percent more likely to have his or her parent deploy than a child whose parent was assigned to a unit in which less than one-third deployed. August and October; the second for a child whose parent returned from a deployment between November and January; and the last for a child whose parent returned from a deployment in February or was still deployed in March. The omitted category is children whose parent did not deploy at any point during the current school year. In these results, we see that a child whose parent returned between August and October scored about the same as a child whose parent did not deploy that year. However, a child whose parent returned between November and January scored 0.79 percentage points lower in math and 0.66 percentage points lower in science than a child whose parent did not deploy that year. Finally, we see that a child whose parent returned in February or was still deployed in March experienced the largest adverse effects: in three of the five subject areas and in the total score, that child scored lower than a child whose parent did not deploy that year.
On balance, these findings suggest at least two interpretations. We call our first interpretation the "disruption" effect. The estimates in Panels A through C suggest that a parental deployment disrupts a child's academic performance in the classroom, particularly if the absence occurs during the month in which the child is tested. The estimates in Panel D lead to our second interpretation, a "catching up" effect. It appears that a parent who returns earlier in the school year has time to restore stability to the family before a child takes the Terra Nova exam in March. This provides some evidence that children who fall behind in the classroom during a parent's deployment suffer only a temporary "penalty" relative to their peers; once the parent returns, the penalty appears to dissipate over time.
To explore our two interpretations further, we estimate how a soldier's deployment history over the past five years affects his or her child's academic achievement. We organize Table 4 in a manner similar to Table 3 , but we restrict our sample to children whose military parent has been in the Army for at least five years. The estimates in Panel A are from an OLS regression with a full set of child and parental controls; the deployment metric of interest is ever deployed in the last five years, which equals one if the parent received HFP at any point during the five years preceding the test and zero otherwise. For all five subjects and the total score, we observe a statistically significant negative effect, suggesting that these children experience a residual decline in academic achievement that can be observed over time. The estimates for the months deployed in the past five years further support this interpretation. As seen in Panel B, the effects are statistically significant for all six outcome measures. For this more restricted sample, the effect of months deployed is smaller than that found for our larger sample, which was estimated for the current school year only. Taken together, these results provide suggestive evidence that the penalty associated with deployments becomes less acute as time passes, but does not fully dissipate.
To assess this notion of an incomplete "catching up" effect, we present estimates in Panel C from an OLS regression where D it contains a set of dummy variables: the first for a child whose parent returned from his or her last deployment within a year of the test date; the second for a child whose parent returned from his or her last deployment one to two years before the test date; the third for a child whose parent returned from his or her last deployment two to three years before the test date; the fourth for a child whose parent returned from his or her last deployment three to four years before the test date; and the fifth for a child whose parent returned from his or her last deployment four to five years before the test date. The omitted category in each specification is children whose parents never deployed in the past five years.
For nearly all of the test subjects, deployment effects persist for up to four years after a parent returns from a deployment.
Although our estimates of the short-term effects of deployments during the current school year are relatively small, the persistence of the adverse effects over time may be cause for concern. In particular, for young children, the cumulative long-term effects of repeated deployments could become substantial by the time a child reaches the 11 th grade. Table 5 contains estimates from specifications using our full sample that assess the extent to which age and other characteristics may make children more vulnerable to the academic setbacks associated with deployments. Panel A of Table 5 presents the effects of months deployed, and Panel B presents the effects of deployed in March. All of these estimates pertain to deployments during the current school year and are most directly comparable to estimates in Tables 1 through 3. 20
The age at which a child is exposed to a parent's deployment appears to matter:
elementary-age children generally score worse than secondary-age children as the length of parent's deployment during the current school year increases. Both seem adversely affected by a deployment during the month of the exam. Male children appear to do worse than female children as the length of a parent's deployment increases and when deployments occur during the month of March. Minority children do worse than white children as the duration of deployment increases but do about the same if the parent is deployed during the month of the exam.
With respect to the parental control variables, children whose mother is deployed and children whose single parent is deployed do no worse than the control group. By contrast, children whose father is deployed and children whose married parent is deployed do experience an adverse effect on their test scores. This result may suggest that "traditional" households experience a greater sense of disruption during a parent's deployment, as the newly "single" parent at home strives to fill new roles within the household. 24 Alternatively, children who live in single parent households may already have developed coping mechanisms to deal with parental absences and the consequent increase in household responsibilities.
In Table 6 , differences in parental ability, as measured by the AFQT, have little apparent effect on how a child performs when his or her parent deploys. However, deployments do seem to have a greater adverse effect on a child whose parent holds only a high school diploma or less as compared with a child whose parent has at least some college. This may reflect the lower importance that these parents place on education or may reflect a lower predisposition in these children to pursue academic endeavors in the wake of a deployment.
V. Policy Implications and Conclusions
We have presented a set of robust estimates of the effect of a parent's deployment on a child's academic performance. Our analysis offers valuable new insights into the effects of parental absences across numerous academic subjects and across age groups. We also carefully consider the duration and the timing of a parent's deployment, adding considerably to the current knowledge of how deployments are likely to affect the hundreds of thousands of children whose parents are currently serving in the U.S. military. With this knowledge, the question of how deployments are affecting the welfare of dependents can be partially answered, and we can begin to formulate policies that safeguard the future of the All-Volunteer Force.
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On one level, our regression results show that the effects of a parental deployment during the current school year are modest and tend to dissipate to some extent after a parent's return.
We also find that certain academic subjects pose more trouble for a child whose parent has deployed and that longer deployments and deployments during the month of the exam exacerbate those effects. Together, these findings suggest that schools should carefully track the deployments of parents and design short-term academic interventions-particularly, within math and science arenas-to support children during these critical periods. 26 Schools might also consider using these results to better interpret the test scores of a child whose parent has deployed, especially if the scores are being used for class placement and other diagnostic purposes.
On another level, however, the paper delivers some cautionary evidence. The cumulative effects of a parent's deployment linger over time, implying that children whose parents deploy face the risk of falling permanently behind their peers, both military and civilian. Of particular 22 concern is our finding that younger children are more negatively affected than older ones. . Army personnel data were matched to the children's test scores by the child's social security number. Absence variables are constructed using Army pay data. The "current school year" is defined as 1 August of the previous year through 31 March of the current year. The "past five years" are defined as five years back from the date of the exam. There are 51,362 observations in the "past five years" sample. Both the "current school year" sample and the "last five years" sample include only mainstream children. Non-mainstream children include children with learning disabilities, physical disabilities, special testing or learning accommodations, and English as a second language. Deployments correspond to a soldier receiving hostile fire pay. The number of months deployed is determined by dividing the sum of hostile fire pay over the period by the monthly hostile fire pay allowance. The omitted race above is other race, the omitted education level above is high school dropout, and the omitted AFQT grouping above is category 4 and 5. Standard errors (in parenthesis) account for clustering at the individual child level because some children appear in multiple years. All regressions contain a constant and dummies for the year of exam and for grade levels 4 through 11. Race dummies control for white, black, and other race. Education dummies control for high school dropout, high school graduate, some college, college degree, and graduate degree. AFQT dummies controls for the five primary AFQT groups. Occupational dummies control for combat arms, combat support, combat service support, and special branch. The two instruments used in the 2SLS estimation are constructed from the unit of assignment (see main text for details). Hausman test statistics have the following p-values: panel A -(3),(4)=1.000; panel B -(3),(4)=1.000. The omitted race is white, the omitted education level is high school graduate, the omitted occupational group is combat arms, and the omitted AFQT group is cat 3A. Clustering standard errors at the unit level for 2SLS regressions does not change the statistical significance of estimates. See notes in Table 1 for additional sample description.
(1) Standard errors (in parenthesis) account for clustering at the individual child level because some children appear in multiple years. All regressions are estimated by OLS and contain a constant and dummies for the year of exam and for grade levels 4 through 11. The full set of child and parental controls are presented in Table 2 . See notes in Table 1 Standard errors (in parenthesis) account for clustering at the individual child level because some children appear in multiple years. All regressions are estimated by OLS and contain a constant and dummies for the year of exam and for grade levels 4 through 11. The full set of child and parental controls are presented in Table 2 . See notes in Table 1 for additional sample description.
(1) Standard errors (in parenthesis) account for clustering at the individual child level because some children appear in multiple years. All regressions are estimated by OLS and contain a constant and dummies for the year of exam and for grade levels 4 through 11. The full set of child and parental controls are presented in Table 2 . See notes in Table 1 for additional sample description.
(1) Standard errors (in parenthesis) account for clustering at the individual child level because some children appear in multiple years. All regressions are estimated by OLS and contain a constant and dummies for the year of exam and for grade levels 4 through 11. The full set of child and parental controls are presented in Table 2 . See notes in Table 1 Standard errors (in parenthesis) account for clustering at the individual child level because some children appear in multiple years. Regressions are estimated by OLS and contain a constant and dummies for the year of exam and for grade levels 4 through 11. The full set of child and parental controls are presented in Table 2 . See notes in Table 1 for additional sample description. The R 2 in the baseline regression with only child controls explains all but 1 to 2 percent of the total variation from the full specification as shown in the R 2 above. 
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